Introduction
T he relationship between health disparities and health outcomes is a robust effect across different age groups and types of health problems. [1] [2] [3] A social gradient in sleep has been demonstrated in both children 4, 5 and adults, [6] [7] [8] [9] with those in lower socioeconomic groups typically reporting poorer sleep. However, our knowledge of possible social determinants of sleep among adolescents remains limited. It is not clear whether the SESsleep link generalizes across all age groups, as adolescence is a developmental period with distinct sleep patterns. The transition from childhood to adolescence is characterized by a delay in bedtime and shorter sleep duration related to pubertal development. 10 At the same time, adolescents' sleep patterns are distinct from those in adults, with adolescents have longer sleep duration, more delayed sleep phase and a larger weekend-weekdays discrepancy. 11 Sleep patterns formed during adolescence tend to persist into adulthood 12 and thus the identification of risk groups during this formative period may help early preventive effort. Another incentive to focus on this specific age group is that adolescent sleep has recently been linked to several negative conditions and behaviours, including mental health problems. 13, 14 Moreover, sleep problems are associated with increased school non-attendance, 15, 16 and a metaanalysis including 17 studies of children and adolescents from 2010 confirmed a significant, but modest association between sleep quality, sleep duration, and sleepiness and academic performance. 17 While there is limited research data on social gradients in sleep among older adolescents, a small Canadian study of 237 youths aged 8-17 years found a significant association between SES and selfreported sleep quality and parental-reported sleep duration. 18 However, the wide age range and small sample size limit generalizability of the results. Short sleep has also been demonstrated among adolescents of low SES in a large-scale US longitudinal study, 19 but that study only included very crude measures of sleep and did not examine any possible confounders.
Social disparities in sleep among adolescents may be closely related to other health problems known to be associated with SES. 1, 20 Depression is one likely candidate in this age group, with a high rate of depressive symptoms during the adolescence years. 21, 22 Depression is also consistently related to both SES, 23 and a range of sleep problems. 13 Still, there is a lack of studies attempting to account for potential confounders, probably related to limited statistical power caused by small samples. In adults, the association between SES and sleep problems has been shown to be substantially reduced, but remains strong even after accounting for a range of health variables. 6, 8, 9 In adolescence specifically, the family context may be another important determinant by which the socioeconomic position exerts its influence on sleep. Families of lower social strata tend to have higher rates of family stress and conflict, 24 which again is related to sleep problems. 25 Similarly, parenting styles have been linked to several socioeconomic indicators, 26 in addition to adolescent sleep problems. 5, 27 Based on the above considerations, we aimed to examine the association between SES and sleep in a large population-based study of older adolescents. As the relationship to sleep has differed across socioeconomic indicators (e.g. El-Sheikh et al. 28 we examined multiple indicators of SES, including perceived family financial circumstances, parental education and parental work status. The included sleep outcome measures covered a wide range of sleep patterns and sleep problems relevant to adolescence. Finally, by including family factors and depression, we also were able to examine whether such factors could account for the association between SES and sleep in this age group.
Methods

Procedure
In this population-based study from 2012, we used data from the youth@hordaland-survey of adolescents in the county of Hordaland in Western Norway (http://uni.no/en/uni-health/rkbu-vest/thebergen-child-study/). The general aim of the youth@hordaland-survey was to assess mental health, lifestyle, school performance and health-service use in adolescents. All adolescents born between 1993 and 1995 and all students attending secondary education were, through collaboration with the Hordaland County, invited to participate. The adolescents received information about the study via their official school e-mail account, and one school class period (about 45 min) during regular school hours was allocated for them to complete the online questionnaire. A teacher was present to organize the data collection. Adolescents who were not attending school received information by post to their home addresses. Survey staff was available by phone for both the adolescents and school personnel to answer queries related to the research. The adolescents' parents were informed about the study but the adolescents themselves consented to participation (Norwegian regulation states that individuals aged 16 years and older can give consent to participate in research studies). The study was approved by the Regional Committee for Medical and Health Research Ethics in Western Norway.
Sample
All adolescents born between 1993 and 1995 were invited (n = 19 430) to participate in the current study, of which 10 220 agreed, yielding a participation rate of 53%. Sleep variables were initially checked for consistency of responses, which resulted in 374 adolescents being omitted due to obvious invalid responses (e.g. negative sleep duration or sleep efficiency).
Instruments
Gender and date of birth were identified through personal identity number in the Norwegian National Population Register. Age was calculated based on the interval of time between date of birth and date of participation.
Indicators of SES
Maternal and paternal education completion levels were reported separately with three response options: 'primary school', 'secondary school' and 'college or university'. Perceived family financial circumstances (i.e. how well off the adolescent perceived their family to be) were assessed by asking the adolescents about their family financial circumstances compared with most others. The response options were (i) 'better financial circumstances', (ii) 'approximately like most others' and (iii) 'poorer financial circumstances'. The adolescents also indicated if they lived with both their parents (yes/no). Parental work status was based on an openended question where the adolescents described their parents' occupation. This was coded according to the International Standard Classification of Occupations (ISCO), and for the present study a binary variable was used, reported for mothers and fathers separately. The 'work' category consisted of parents with a work ISCO code and parents who were reported as students. The 'out of work' category consisted of parents who were not in work (including parents on sick leave, on disability pensions, being unemployed or being at home (not specified).
Sleep measures
The adolescents' self-reported usual bedtime and rise time were indicated in hours and minutes using a scroll down menu with 5-min intervals and data were reported separately for weekdays and weekends. Time in bed (TIB) was calculated as the difference between bedtime and rise time. Sleep onset latency (SOL) and wake after sleep onset (WASO) were indicated in hours and minutes using a scroll down menu, and sleep duration was defined as TIB minus SOL and WASO. For the purpose of the present study, sleep duration was also split into five categories: <5:00 (15.4%/n = 1470), 5-5:59 (11.5%/n = 1059), 6-6:59 (26.9%/n = 2472), 7-7:59 (32.2%/ n = 2959), !8:00 (13.8%/n = 1270). Sleep efficiency was calculated as sleep duration divided by TIB multiplied by 100 (reported as percentage). Subjective sleep need was reported in hours and minutes, and sleep deficit was calculated separately for weekends and weekdays by subtracting total sleep duration from subjective sleep need.
Insomnia was operationalized according to the DSM-5 criteria for insomnia. 29 Difficulties initiating and maintaining sleep (DIMS) were rated on a three-point Likert-scale with response options 'not true', 'somewhat true' and 'certainly true'. Given a positive response ('somewhat true' or 'certainly true'), the participants were then asked how many days per week they experienced problems either initiating or maintaining sleep. The participants also provided information on the duration of DIMS. A joint question on tiredness/ sleepiness was rated on a three-point Likert-scale with response options 'not true', 'somewhat true' and 'certainly true'. If confirmed ('somewhat true' or 'certainly true') participants reported the number of days per week they experienced sleepiness and tiredness, respectively. To fulfil the DSM-5 criteria for insomnia, the adolescents had to report DIMS for at least three times a week, with a duration of 3 months or more, as well as tiredness or sleepiness on at least 3 days per week.
Control variables
Symptoms of depression were assessed using the short version of the Mood and Feelings Questionnaire (SMFQ). The SMFQ comprises 13 items assessing depressive symptoms rated on a three-point Likert scale as either 'not true', 'sometimes true' or 'true'. High-internal consistency between the items and a strong uni-dimensionality confirmed in a study based on the same sample as included in the present study. 22 Family cohesion was assessed by a subscale in the Resilience Scale for Adolescents (READ), 30 which consists of 28 items rated on a five-point Likert scale comprising: personal competence, social competence, structured style, family cohesion and social resources. Cronbach's a for the READ Family Cohesion subscale was 0.90.
Statistics
Pearson's 2 test (proportions) and independent sample t-tests or one-way analysis of variance (ANOVA) (means) with Bonferroni adjusted/corrected post hoc tests were used to examine differences between sleep variables and the different SES measures. Multinomial logistic regression analyses were conducted to examine the predictive effect of SES (independent variables) on sleep duration categories (dependent variable), using 7-8 hours as the reference category (as this was the most frequent sleep duration category). Three models were examined, adjusting for the following control variables: (i) age and gender, (ii) Model 1 + depressive symptoms and (iii) Model 2 + READ family cohesion. We also tested for interactions between the SES variables and gender, by entering the product of these variables in separate blocks. However, as none of these interactions were statistically significant, they were not included in the final analyses presented in the current paper. IBM SPSS Statistics 23 for Mac (SPSS, Inc., Chicago, IL, USA) was used for all analyses.
Results
Sample characteristics
A total of 9846 adolescents provided valid responses on the relevant sleep and SES questionnaires. The mean age was 17.8 years, and the sample included more girls (53.3%) than boys, and the majority (97.8%) was high school students. In terms of maternal education, 10.1% (of the mothers) had completed primary school, 41.3% had completed secondary school and 48.6% had a university or college education. The corresponding proportions for paternal education were 10.6, 46.4 and 43.0%, respectively. Regarding perceived financial circumstances, 67.4% reported being 'like most others', while 25.5% reported 'better' circumstances and 7.1% reported 'worse' financial circumstances. In terms of parents being outside the workforce, 7.1% of the adolescents reported that their mother was not working, while 3.7% had a father who was not working at the time of the survey.
Insomnia and SES
As shown in figure 1 , the prevalence of DSM-5 insomnia was (significantly) associated with all measures of SES. For example, the prevalence of insomnia among adolescents with parents having a university degree was 17-18%, compared with 22-23% among adolescents whose parents only had primary school education. The same pattern was evident across all other SES indicators, with a higher rate of adolescent insomnia in families with poor financial circumstances, and among parents outside the workforce. The highest rate of insomnia was found in families with worse perceived financial circumstances (32%), when compared with 17-18% in families with perceived financial circumstances equal to or better than others (see figure 1 for details) .
Sleep patterns and SES indicators
Most sleep patterns were significantly associated with the four SES indicators, and in a dose-response manner. For example, as detailed in table 1, the mean sleep duration was 6:03 hours among adolescents with mother with primary school education, compared with sleep duration of 6:24 and 6:35 hours among adolescent with parents having a secondary school and university degree, respectively. Adolescents of families from lower SES strata also reported significantly more sleep deficiency, as well as larger bedtime differences across all SES measures. The adolescents' bedtimes were only partially associated with SES (see table 1 for details).
Sleep duration and SES, the role of depression and family cohesion
Multinomial regression analyses were conducted separately for each SES indicators with sleep duration categories as the outcome. As detailed in table 2, there were significant increased odds of short sleep duration in the lower social strata, evident across all SES indicators. For example, adolescents reporting poor family financial circumstances had 2.3-fold increased odds of a sleep duration <5 hours, compared with families with financial circumstances 'like most others'. When adjusting for depression (SMFQ total score) in addition to age and gender, the odds were somewhat attenuated (OR = 1.54), but remained significant across all SES indicators. Further adjustment for family cohesion (READ subscale) reduced several of the associations to a non-significant level, but the odds for short sleep duration (<5 hours) remained significant for low-parental education as well as parental outside the workforce (see table 2 for details). Long sleep duration (8 hours or more) was not significantly associated with any of the SES indicators (data not shown). 
Discussion
This large population-based study demonstrates that there is a consistent social gradient across a range of sleep problems in older adolescence. Adolescents of parents with low-parental education, parents outside the work force and adolescents with perceived lower family financial circumstances had higher rates of DSM-5 insomnia. Most associations between low SES and poor sleep formed a dose-response pattern.
The current study provides new evidence of the existence of a social gradient across several sleep problems among older adolescents. These results are consistent with previous findings in both children 5, 26 and adults. [7] [8] [9] To the best of our knowledge, only two previous studies have examined this question in older children and adolescents. However, these two studies were either small and included children (age range 8-17), 18 or included crude and unspecific measures of sleep. 19 In the latter study, adolescents with low SES were less likely to answer affirmatively to a single question about whether they got at least 7 hours of sleep. Thus, the average sleep duration among children from lower SES in the current study of 5:28 hours further emphasizes the very short sleep duration among some subgroups of adolescents. If the differences are clinically significant could be discussed. In Lichstein's quantitative criteria for insomnia, 31 30 min is considered the cut-off for long SOL for an insomnia disorder. In the present study, the differences are often close to 30 min and thus could be considered clinically significant from this perspective.
A major strength of the current study is that we focused specifically on sleep problems and sleep patterns that are typical and characteristic for adolescents. For example, insomnia has previously been found to be highly prevalent among older adolescents 32 and the present study confirms that it is even more so among adolescents from families with low SES, exemplified by about one-third of the adolescents with low perceived financial circumstances. While insomnia symptoms have been included in previous studies in adults 6, 7 and children, 4 these are most often brief or single item questions and not diagnostic approximations. As such, our operationalization of insomnia according to the latest DSM revision is a significant strength. Still, all information was assessed as part of an epidemiological study, and thus not based on a structured clinical interview or physiological measurements, which provide the most accurate sleep data.
Another methodological strength is the measures of sleep duration, which included both SOL and WASO, and such detailed assessments are rarely performed in population-based studies. Recent studies have showed that such self-report sleep assessments are accurate for the characterization of sleep parameters in both clinical and population-based research. A study of young adolescents in Hong Kong recently found good agreement between actigraphy measured and questionnaire reported sleep durations. 33 Another limitation is the inclusion of a relatively low number of adolescents not in school. Although the few adolescents not attending school in the present study did not have a higher rate of sleep problems, a higher participation rate among these adolescents would be needed to draw conclusions regarding this group specifically.
By controlling for potential confounders, we aimed to identify possible mechanisms, which may be involved in the association between low SES and poor sleep. In the current study, depression accounted for some of the associations between low SES and poor sleep, in line with previous studies in adults. 34 Of note, other studies have also found depression to be a possible pathway linking SES to other health outcomes, although not uniformly so (see Chen and Miller 35 for an overview). While the present study did not specifically address the exact mechanisms by which depression may account for a reduction in the SES-sleep association, other studies may help us understand this phenomenon. Also, studies of late adolescence and to adulthood have found worry to be an important factor attenuating the association between SES and sleep. 6 Furthermore, children from lower SES have shown to not only have more negative life events than their peers from more affluent families, but they may also be more prone to negative appraisals to negative events. 36 While the familial influence on sleep in early childhood is evident, 26 the influence of familial SES in the adolescent years has P-values are based on significance level from the independent samples t-tests (two groups) or ANOVAs (three groups) within each SES measure. been debated. 37 In the current study, family cohesion attenuated some of the association between SES and sleep, suggesting that the family environment may be an important factor in sleep-SES association. Furthermore, importance of getting adequate sleep may also be conveyed more strongly in higher SES families, as suggested by a US study in which sleep duration was low among low SES adolescents, but the perceived sleep deficit differed. 19 Lower SES may also be related to more structural variables that may contribute to impaired sleep. The current study did not gather detailed information about housing and living conditions, but it would be interesting to examine the potential role these variables play in influencing sleep in future studies. Perceived financial situation could be dependent on the neighbourhood or school the adolescent goes to, and thus clustering effects could be expected. We did not have the possibility to analyze on school or neighbourhood level, and this is a limitation of the present study.
The significance of increased understanding of social gradients in sleep during adolescence may be important to prevent the persistent impact of familial socioeconomic status in adults. Still, there is a need for intervention studies that specifically target high-risk groups before firm conclusions can be reached. Based on the present study, educational efforts to ensure knowledge of the importance of sleep in this age group may be one viable strategy in low SES groups. 19 Parental involvement may also be a fruitful perspective 38 as well as taking a transdiagnostic stand that includes co-occurring health problems.
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Key points
Low SES was a robust determinant of adolescent sleep patterns in a large-scale population-based study. The association between low SES and sleep was evident across types of sleep problems including higher odds of shorter sleep duration, insomnia and delayed sleep phase. Depressive symptoms and family cohesion could account for some, but not all of the association between SES and sleep. Targeted sleep prevention and interventions for adolescence in low SES are recommended to improve sleep in high-risk groups and to prevent the negative consequences of poor sleep.
